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I.  INTRODUCTION 


A series  of  wind  tunnel  tests  to  determine  the  aerodynamic  charac- 
teristics of  several  lifting  body  configurations  has  been  conducted  at 
the  Ballistic  Research  Laboratories  (BRL) . This  experimental  investi- 
gation was  initiated  by  the  Aerodynamics  Research  Branch  of  Edgewood 
Arsenal.  The  basic  data  obtained  from  these  tests  will  be  used  as 
input  for  calculations  of  projectile  range  and  altitude  based  on  given 
initial  conditions  and  aerodynamic  loads.  The  program  concept  is  to 
design  a model  with  low  overall  drag  and  sufficient  aerodynamic  lift  to 
slightly  offset  the  effect  of  gravity,  thereby  contributing  to  a 
greater  range  and  a flattened  trajectory.  Therefore,  the  models  tested 
were  designed  with  reference  to  the  wave-rider  concept,  which  describes 
a lifting  body  supported  by  a unique  shock  system-*-.  The  wind  tunnel 
tests  were  conducted  in  three  phases  which  covered  a period  from  April 
1972  through  April  1973. 


II.  EXPERIMENTAL  INVESTIGATION 

A six  component  force  test  which  included  roll  moment  data  for  two 
configurations  and  base  pressure  data  for  all  configurations  was 
conducted.  The  test  data  covered  a Mach  number  range  of  1.5  through 
4.0  and,  with  the  exception  of  one  configuration,  all  were  tested  at  a 
constant  Reynolds  number  per  meter  of  15.7  x 10^.  The  tests  were 
conducted  in  Supersonic  Wind  Tunnel  No.  1^  of  the  U.S.  Army  Ballistic 
Research  Laboratories. 

A.  Equipment 

The  wind  tunnel  is  a continuous,  closed  circuit,  variable  throat 
tunnel  with  Mach  capability  from  1.5  through  5.0  calibrated  in  1/4  Mach 
number  increments.  The  supply  pressure  can  be  varied  from  5.33  to 
68.9  x 10^  Newton/m^.  The  free  stream  Reynolds  number  has  a range  of 
1.64  x 10^  to  27.9  x 10^  per  meter  (m)  for  a stagnation  temperature  of 
311°  Kelvin  (K) . The  test  section  is  33  centimeters  (cm)  wide  by  38 
centimeters  high  and  the  standard  angle  of  attack  range  is  from  +15°  to 
-10°.  An  automatic  roll  head  allows  the  model  to  be  positioned 
throughout  270°  with  no  interruption  of  air  flow. 


1.  L.  F.  Crabtree  and  D.  A.  Treadgold , "Experiments  on  Hypersonic 
Lifting  Bodies , " International  Council  of  tine  Aeronautical  Sciences 
Paper  No.  66-24 , September  1966. 

2.  J.  C.  McMullen , "Wind  Tunnel  Testing  Facilities  at  the  Ballistic 
Research  Laboratories,"  U.S.  Army  Ballistic  Research  Laboratories 
Memorandum  Report  No.  1292,  Aberdeen  Proving  Ground,  Maryland, 

July  1960.  AD  244180. 
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The  unique  configuration  design  which  follows  from  the  wave  rider 
concept  prohibits  the  balance  from  being  located  within  the  model  and 
near  the  center  of  pressure.  Therefore,  the  balance  was  installed 
externally  and  connected  to  the  models  and  strut  by  means  of  specially 
designed  adapters*,  A windshield  was  attached  to  the  strut  and 
protected  the  balance  from  all  extraneous  forces.  A sketch  of  this 
arrangement  is  shown  in  Figure  1. 

The  balance  used  to  measure  the  aerodynamic  forces  and  moments  was 
a six  component  strain  gage  balance.  The  maximum  allowable  normal  and 
side  force  acting  between  the  gages  are  890  Newtons  (N)  and  445  N 
respectively.  The  balance  capacity  in  axial  force  is  334  N and  the 
maximum  roll  moment  is  6.77  Newton-meter  (Nm) . 

The  models  are  shown  in  Figure  2 and  are  identified  as  follows: 
Model  Description  Configuration  No. 


60°  Wedge 

972.0 

90°  Wedge 

972.1 

60°  Wedge  With  Boundary 
Layer  Trip 

972  o 5 

Flat  Undersurface 

97206 

Boattail 

972.7 

Cone  Shape 

972.8 

Caret  Shape 

972.9 

B . Test  Procedure 

Phase  I involved  tests  of  configurations  972.0  and  972.1.  Phase  II 
was  an  extension  of  the  first  phase  and  included  a boundary  layer  trip 
on  configuration  972o0.  Phase  III  resulted  from  an  evaluation  of  the 
previous  data  and  involved  testing  four  additional  configurations. 

All  configurations  were  tested  at  Mach  numbers  1.5,  2.0,  2.5,  3.0, 
3C5  and  4.0.  Configuration  972.1  was  tested  at  the  maximum  allowable 
Reynolds  number,  based  on  load  limitations,  while  the  remaining 
configurations  were  tested  at  a constant  Reynolds  number  per  meter  of 
1 5 0 7 x 10  . Most  configurations  covered  an  angle  of  attack  range  of 
+10°  to  -10°  with  some  limitations  due  to  excessive  loads.  Base 
pressures  were  measured  with  three  0.159  cm  diameter  tubes  located 
near  the  model  base*  Roll  data  were  determined  during  Phase  I only. 
Schlieren  pictures  were  taken  at  the  following  conditions:  alpha  = 

maximum,  0°  and  trim  (C^  = 0).  Color  schlieren  movies  showing  the 
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Figure  1.  Model -Balance-Strut  Assembly 
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Figure  2.  Model  Details 
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ALL  DIMENSIONS  IN  CENTIMETERS 


effect  of  angle  of  attack  variation  were  taken  at  selected  Mach  numbers. 
Vapor  screen  pictures3  of  selected  configurations  were  taken  during 
Phase  III  in  an  attempt  to  view  the  wave-rider  shock  pattern.  Tunnel 
installation  of  configuration  972.6  is  shown  in  Figure  3. 

All  data  were  reduced  on  the  Ballistic  Research  Laboratories 
BRLESC  computer  using  a standard  force  reduction  program.  The  data 
for  each  phase  was  added  sequentially  to  the  original  data  tape  and 
enhanced  comparison  of  data  between  phases.  Due  to  non-symmetry  of 
the  configurations  in  the  pitch  plane,  flow  inclination  corrections 
were  not  applied  to  the  data.  The  configurations  are  symmetrical  in 
the  yaw  plane  and  flow  corrections  were,  therefore,  applied  to  the  side 
force  data0  Strut  deflections  for  pitch  and  yaw  were  subtracted  from 
the  appropriate  data0  The  coefficients  were  reduced  about  a body  axis 
system  which  was  allowed  to  roll  with  the  model. 

C,  Presentation  of  Data 


The  data  are  presented  in  the  appendix  (Figures  A1  thru  A7)  for  the 
following  coefficients:  normal  force  (C^)  , pitching  moment  (C  ) , axial 

force  (CA) , normal  force  center  of  pressure  (X  p) , side  force  (Cy) , 

yawing  moment  (C^) , side  force  center  of  pressure  (Y^p) , roll  moment 

(C^) , lift  (CL),  drag  (CD) , and  lift/drag  (CL/CD) . The  data  have  been 

grouped  to  show  the  effects  of  Mach  number  variation  and  configuration 
changes  on  most  coefficients 0 

Limited  testing  was  accomplished  at  Edgewood  Arsenal  for  configura- 
tion 972.0.  The  data  are  compared  with  BRLfs  results  in  Figures  4 
through  6 for  CL,  CQ,  and  CL/CD. 

A subsequent  pressure  program  was  conducted  at  BRL  for  configura- 
tion 972. 9.  Comparison  of  base  axial  force  data  between  the  force  and 
pressure  test  are  presented  in  Figure  7. 

A selected  vapor  screen  photograph  is  shown  in  Figure  8.  Figure  9 
presents  a schlieren  photograph  of  configuration  972.7. 


III.  DISCUSSION 

The  results  shown  in  Figure  Al(a)  are  typical  of  the  data 
obtained.  The  normal  force  data,  C^,  are  effectively  nonlinear  over 


3.  C.  J.  Nietubicz,  " Vapor  Screen  Technique  Development  at  the 
Ballistic  Research  Laboratories ,fT  U.S.  Army  Ballistic  Research 
Laboratories  Memorandum  Report  No.  2387 , Aberdeen  Droving  Ground, , 
Maryland,  June  1974.  AD  784077. 
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Figure  3.  Model  Installation  of  Configuration  972.6  in  Tunnel  No. 


the  entire  range  of  alpha  and  non- symmetric  with  respect  to  alpha  = 0 
(top  surface  of  model  is  parallel  to  tunnel  floor;  as  seen  in  Figure  3) . 
The  largest  magnitude  of  is  obtained  for  configurations  972.0,  979.9 

and  972.1,  above  alpha  of  -6°.  As  the  Mach  number  increases  (Figures 
Al(a)  through  Al(f))  the  effect  of  configuration  on  decreases. 

Expectedly,  configuration  972.8  shows  the  largest  magnitude  in  axial 
force  at  all  angles  of  attack.  This  is  due  to  the  increased  base  drag 
of  the  cone  shaped  configuration. 

The  normal  force  centers  of  pressure,  Xcp,  are  seen  in  Figure  Al(a) 

to  remain  constant  throughout  the  angle  of  attack  range  and  are  compar- 
able in  magnitude  with  the  exception  of  configurations  972.6  and  972.7. 
These  two  configurations  exhibit  a slight  variation  with  angle  of  attack 
and  the  apparent  discontinuity  (-8  < a < -4)  is  a result  of  the  present 
method  used  in  calculating  Xcp.  The  forward  shift  of  Xcp  is  apparently 

due  to  the  square  base  and  boattail  shapes  of  configurations  972.6  and 
972.7.  The  A2  series  of  figures  show  additionally  X to  be  invariant 

Lr 

with  respect  to  changing  Mach  number.  The  magnitude  of  X as  seen  in 

Lr 

Figure  A2(a)  and  typical  of  all  configurations  (again,  with  the  exception 
of  configurations  972.6  and  972.7)  has  a value  of  approximately  .33  £ 
where  £ is  the  model  length . 

The  pyramid  like  shape  of  the  configurations  tested  suggests  that 
the  center  of  gravity  is  located  at  .25  £.  A transfer  of  the  moment 
reference  (presently  at  the  model  base)  to  the  center  of  gravity  location 
would  rotate  the  present  Cm  curves  (Figure  series  A1  and  A2)  about  the 

point  Cm  = 0.  The  resultant  Cm  would  still  be  positive  (center  of 

a 

pressure  forward  of  the  center  of  gravity)  and  a slightly  unstable 
condition,  therefore,  exists  for  all  configurations.  A forward  movement 
of  the  center  of  gravity  is  presently  required  to  achieve  static 
stability.  Additionally,  the  data  show  the  normal  force  to  be  effectively 
zero  at  the  trim  condition  (C  = 0).  Thus,  the  present  configurations 

act  as  lifting  bodies  only  at  angles  of  attack  other  than  a . . 

trim 

The  side  force,  C yawing  moment,  C^,  and  side  force  center  of 

pressure,  Y^p,  data  are  shown  in  Figures  A3  (a)  through  A3(f)  as  a 

function  of  yaw  angle.  These  figures  represent  the  variation  due  to 
configuration  changes  at  constant  Mach  number.  The  Cy  and  Cyw  data  are 

symmetrical  with  respect  to  = 0°  and  nonlinear  over  the  entire  angle 
of  yaw  range.  Figures  A4(a)  through  A4(f)  show  the  effect  of  Mach 
number  variation  on  each  configuration.  Again,  it  is  interesting  to 
note  that  the  side  force  center  of  pressure,  Y„p,  is  independent  of 
both  Mach  number  and  angle  of  yaw. 
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Roll  moment  data  were  obtained  for  configuration  972.0  and  are 
shown  in  Figures  A5(a)  through  A5(g)  for  various  roll  angles.  The 
resultant  data  reveal  a lack  of  roll  stability  for  alpha  < +4°  and 
only  a slight  restoring  moment  for  angles  of  attack  greater  than  +4°. 
This  problem  area  is  basic  to  the  wedge  shaped  configuration  and 
necessitates  the  use  of  some  type  of  control  surface. 

The  initial  objective  of  this  program  was  to  determine  which 

configuration  exhibited  the  highest  lift  over  drag  ratios.  Therefore, 

the  normal  force  data  were  further  reduced  to  present  lift,  drag  and 

lift/drag  data  which  are  shown  in  Figure  series  A6  and  A7.  Figure 

A6(d),  which  is  typical  of  the  data  presented,  shows  configurations 

972.0,  972.1  and  972.9  to  have  the  highest  magnitude  of  C /C  above 

u 

a = 0°.  However,  for  a < -2°  configurations  972.7  anc  972.0  exhibit 
the  largest  value  of  C^/C^.  This  is  further  represented  in  Figures 

A7(a)  and  A7 (d)  which  shows  additionally  the  maximum  C /C  occurring 
at  M = 4.0.  L U 

Comparison  of  BRL's  data  to  Edgewood  Arsenal's  results  for 
configuration  972.0  at  a = 0°  (for  purpose  of  comparison  only)  shows 
reasonable  agreement  for  lift  data.  Figure  4(a)  shows  a 10%  difference 
in  lift  at  a = 0°;  however,  the  greatest  difference  is  found  in  the 
drag  data  (Figure  5(a))  which  shows  a 50%  difference  at  a = 0°. 
Therefore,  a substantial  decrease  in  the  lift  to  drag  ratio  results  and 
is  shown  in  Figure  6(a).  Since  the  lift  data  compared  favorably,  both 
with  and  without  boundary  layer  trip,  attention  is  then  focused  on  the 
base  area;  more  specifically  base  pressure  drag.  However,  the  ratio  of 
model  base  area  to  sting  area  was  comparable  for  both  tests  and  implies 
similar  base  flow  conditions  existed.  More  recently  a pressure  test 
was  conducted  at  BRL  for  configuration  972.9.  A comparison  of  base 
axial  force  data  from  the  pressure  test  and  force  test  is  shown  in 
Figure  7.  Due  to  different  ratios  of  base  to  strut  diameter  and  differ- 
ent methods  of  acquiring  the  base  pressure  data  the  results  differ  by 
about  9%.  However,  the  trends  with  angle  of  attack  are  comparable  and 
the  pressure  test,  which  should  be  considered  the  more  accurate  of  the 
two,  shows  an  expected,  higher  base  axial  force.  Based  on  this  compari- 
son the  axial  force  data  obtained  from  the  Edgewood  test  are  felt  to  be 
in  error. 

The  existence  of  a planar  shock  pattern,  characteristic  of  wave- 
rider  configurations 4 > 6 f has  not  been  experimentally  verified  for  the 
models  tested.  A vapor  screen  photograph  shown  in  Figure  8 for  config- 
uration 972.0  at  a = 0°  establishes  only  the  existence  of  a conical 


4.  C.  T.  Nardo,  "Aerodynamic  Characteristics  of  Two-Dimensional  Wave- 
rider  Configurations ,"  AIAA  Journal,  Vol.  10,  No.  9,  September  1972, 
pp.  1258-1261 . 

5.  K.  Kipe,  "Experimental  Investigations  of  Wave  Riders  in  the  Mach 
Number  Range  From  8 to  15,"  AGARD  CP  No.  SO,  May  1968. 
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bow  shock.  The  light  sheet  was  positioned  approximately  1-1/2  inches 
aft  of  the  model  and  normal  to  the  air  flow.  The  light  source  was 
located  on  the  far  side  of  the  tunnel  and  causes  the  strut  to  form  a 
shadow  within  the  vapor  screen.  Also  visible  in  this  photograph  are 
the  wing  tip  vortices  which  appear  as  dark  triangular  regions.  After 
completion  of  the  test  program  and  analysis  of  the  data,  the  model 
geometry  was  reviewed.  At  that  time,  it  was  learned  that  the  design 
Mach  number,  i.e.,  the  Mach  number  at  which  the  planar  shock  would 
form,  was  actually  8.3;  therefore,  no  planar  shock  should  have  been 
seen  at  M = 2.5  and  this  was  verified  by  the  vapor  screen  results. 

The  lift  producing  mechanism,  typical  of  all  configurations  tested 
can  be  seen  in  the  schlieren  photograph  (Figure  9) . The  strong  vertical 
asymmetry  of  the  bow  shock  indicates  a region  of  high  pressure  on  the 
models  lower  surface. 


IV.  CONCLUSION 

The  models  tested  have  been  shown  to  produce  moderate  lift/drag 
ratios;  however,  an  expected  maximum  of  L/D  « 6.0  has  not  been  obtained. 
Since  the  caret-wing  (wave-rider  shape)  is  known  for  optimum  aerodynamic 
efficiency  in  regards  to  lift/drag,  additional  tests  should  be  conducted 
with  the  model  design  adhering  to  the  wave  rider  concept. 

The  lack  of  roll  stability  for  all  configurations  has  been 
experimentally  verified  and  reinforces  the  need  for  designing  future 
models  to  overcome  this  deficiency. 
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LIFT  COEFFICIENT 


ANGLE  OF  ATTACK-  a 


Figure  4.  Comparison  of  Edgewood  Arsenal  and  Ballistic  Research 
Laboratories  Lift  Data,  C^,  for  Configuration  972.0 

a.  Mach  2.0 
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LIFT  COEFFICIENT 


ANGLE  OF  ATTACK  - a 

Figure  4.  Continued 
b.  Mach  2.5 
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LIFT  COEFFICIENT 


ANGLH  OF  ATTACK  - a 


Figure  4.  Continued 
c.  Mach  3.0 
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LIFT  COEFFICIENT 


Figure  4.  Concluded 
d.  Mach  3.5 
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DRAG  COEFFICIENT 


ANGLE  OF  ATTACT  - a 


Figure  5.  Comparison  of  Edgewood  Arsenal  and  Ballistic  Research 
Laboratories  Drag  Data,  CD,  for  Configuration  972.0 

a.  Mach  2.0 
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DRAG  COEFFICIENT 


Figure  5.  Continued 
b.  Mach  2.5 
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DRAG  COEFFICIENT 


Figure  5.  Continued 
c.  Mach  3.0 
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DRAG  COEFFICIENT 


ANGLE  OF  ATTACK  - « 

Figure  5.  Concluded 
d.  Mach  3.5 
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CJC 


ANGLE  OF  ATTACK-  a 


Figure  6.  Comparison  of  Edgewood  Arsenal  and  Ballistic  Research 

Laboratories  Lift/Drag  Data,  CL/CD»  for  Configuration  972.0 

a.  Mach  2.0 
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c,/c, 


ANGLE  OF  ATTACK  - a 


Figure  6.  Continued 
b.  Mach  2.5 
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ANGLE  OF  ATTACK  - a 


Figure  6.  Continued 
c.  Mach  3.0 
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Figure  6.  Concluded 
d.  Mach  3.5 
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Figure  7.  Comparison  of  Base  Axial  Force  Between 
Independent  Force  and  Pressure  Tests 
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Figure  8.  Vapor  Screen  Photograph  of  Configuration  972.9 
at  a = 0°.  M = 2.5 
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Figure  9.  Schlieren  Photograph  of  Configuration  972.7  at 


APPENDIX 

Static  Aerodynamic  Coefficients 
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CA-AXIAL  FORCE  COEFF.  Cn-PITCH  MOfl.  COEFF.  CN-NORMAL  FORCE  COEFF. 


SYfl.  RUN  NUMBER  MACH  CONriG  ke/inch  roll  angle 


Figure  A1 . Variation  of  C^,  Cm>  C^,  Xcp  With 

Configuration  at  Constant  Mach  Number 

a.  Mach  1 .5 
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CA-AXIAL  FORCE  COEFF.  Crt-PITCH  MO fl.  COEFF.  - CN-NORrtAL  FORCE  COEFF. 


RUN  NUMBER 

nacm  coNrrc  re/inch 

ROLL  ANCLE 

231 

2.00  372.30  397332. 

3.0 

205 

2.00  97?. 03  <07307. 

3.0 

233 

2.00  372.70  305900. 

3.0 

I9Q 

2.00  97?. 00  3DIM23. 

3.0 

88 

2.00  372.00  <00373. 

3.0 

Figure  A1 . Continued 
b.  Mach  2.0 
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CA-AXIAL  FORCE  COEFF.  CM-PITCH  flOfl.  COEFF.  CN-NQRMAL  FORCE  COEFF. 


RUN  NUMBER 

MACH  CONri'C  RE/lNCM 

ROLL  ANGLE 

226 

2.50  37  2.90  301101?. 

0.0  ' 

807 

2.50  07?.  60  3009.05 . 

0.0 

243 

2.50  372.70  3927 14. 

0.0 

132 

2.50  972.60  33001 l . 

o.  0 

64 

2.50  972.00  30020C . 

0.0 

Figure  A1 . Continued 
c.  Mach  2.5 
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XCP-  [X/U  CA-AXIAL  FORCE  COEFF.  Cfl-PITCH  MOM.  COEFF.  CN-NORHAL  FORCE  COEFF. 


0.0  -| 


0.  4 - 


svn. 

RUN  NUrnCR 

MACH  CONFIG 

Rt/INCH 

ROLL  ANGLE 

■ 

224 

3. 00  372.30 

3"63I0, 

Q.  0 

• 

203 

3 QO  372.R0 

334637. 

0.0 

* 

240 

3.00  372.70 

332337. 

0.0 

4 

184 

3.00  372.60 

33 1022. 

0.  Q 

X 

123 

3.00  072. IQ 

233430. 

Q.  0 

• . 

63 

3.00  372.00 

332372. 

0.0 

o.o 


-0.2 


o.e 


w K . * A . * ' 

W ^ u . * s X * 

K I ‘ \ 

. K T fc  * * V ^ 

' K ? 0 * * * *+  * 


i 


TiXTr-*1 


*4 


t 1 i i i i — i — i — i — i — r 


H+tf 


* x * V * 

kk£«F:.v*“ 

******** 


ja***1 

t i — r — r— i — i — i — i — i — r~ 


02  n 


0.0 


»•***<*«  ****** 

~i  i i i n — i — i — i — j — j — r 


* * * ^i<Wa*’**m****^ 


* XJ555  ♦ ♦*' 


"~ i i i i * i — i — i — i — i — r 


0.5-j 


o.q 


*T**x*x*,r  ’ ^***t*+W+*U*+i*-v*-  + + ^ y-  ♦ + + 

F t1  **»*■  !**■**«*  «»t  KM«H00itM«UKM  ' 

+ + 7 -l  * 


f 1 1 1 1 1 I I I 1 \ I 1 ! I | 1 1 1 1 1 1 

■ie  "10  -8  *«  . -«  -2  0 z A 6 0 JO  12 

ANGLE  OP  ATTACK.  DEG. 


Figure  AT . Continued 
d.  Mach  3.0 
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CA-AXIAL  FORCE  COEFF.  . Cn-PITCH  MOtl.  COEFF.  CN-NORMAL  FORCE  COEFF. 


PUN  NUMBER 

MACH  CONFIG  RE/INCH 

POLL  ANGLE 

222 

3.60  £172.00  303066. 

0.0 

E 13 

3.50  972.03  337530. 

0.0 

250 

3.50  072.70  304050. 

0.0 

I9G 

3.50  972.60  403  MO. 

0.0 

126 

3.53  972. 10  337070. 

0.0 

77 

3.50  972.00  332375. 

0.0 

Figure  A1 . Continued 
e.  Mach  3.5 
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CA-AXIAL  FORCE  COEFF.  Crt-PITCH  nOrt-  COEFF.  CN-NORrtAL  FORCE  COEFF 


RUN  NUHflCR 

MACH  CONriG  RC/INCH 

ROLL  ANGLE 

220 

4.00  972.90  306000. 

0.0 

2 IS 

4.00  972.00  31»J(t:i8. 

0.0 

252 

4.00  972.70  400045. 

0.0 
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4.00  972.60  390530. 

0.0 

I to 

4.00  972. 10  391977. 

0.0 

70 

4.00  872.00  391700. 

0.0 

Figure  A1 . Concluded 


f.  Mach  4.0 
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XCP-tX/L)  CA- AXIAL  FORCE  COEFF.  CH-PITCH  MOM.  COEFF . CN-NORHAL  FORCE  COEFF. 


SYtt. 

RUN  NUMBER 

MACH  CONFIG 

RE/INCH 

ROLL  ANGLE 

■ 

70 

4.00  072.00 

391700. 

0.0 

* 

77 

3.00  072.00 

332075. 

0.0 
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0.0 
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2.00  072.00 

300206 . 

0.0 

X 

SB 

2.00  972.00 

400370. 

0.0 

• 

81 

1.50  972.00 

413944. 

0.0 

Figure  A2.  Variation  of  CN,  Cm,  CA,  Xcp  With  Mach 
Number  for  Each  Configuration 

a.  Configuration  972.0 
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CA-AXIAL  FORCE  COEFF.  Cfl-PITCH  tfOM.  COEFF.  CN-NORMAL  FORCE  COEFF. 
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Figure  A2.  Continued 
b.  Configuration  972.1 
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CA-AyiAL  force:  coeff.  cn-PiTCH  non.  cdeff.  cn-norhal  force  coeff. 
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Figure  A2.  Continued 
c.  Configuration  972.6 
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CA-AXIAL  FORCE  COEFF.  CM-PITCH  MOM-  COEFF.  CN-NORMAL  FORCE  COEFF 


RUN  NUMBER 

MACH  CONFIG  RE/ INCH 

RQ_L  ANGLE 

252 

4.00  972.70  4Q0645. 

0.0 

250 

3.50  972.70  394950. 

0.0 

246 

3.00  972.70  332337. 

0.0 

243 

2.50  972.70  392714. 

0.0 

239 

2.00  972.70  335606. 

0.  0 

23? 

1.50  972.70  365227. 

0.0 

Figure  A2.  Continued 
d.  Configuration  972.7 
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5YM. 

PUN  NUMflCK 

MACH  CONriG 

RC/INCH 

ROLL  *NGt 

■ 

e i s 

4.0Q  972.00 

333656. 

0.  0 

« 

213 

3.50  972.60 

397500. 

0.0 
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3.00  372.60 

334097 . 

0.0 
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2.50  372.00 
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0 0 
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205 

2.00  372.60 
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0.0 
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£03 

1.50  972.60 

33552 1 . 

0.0 

Figure  A2.  Continued 
e.  Configuration  972.8 
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RUN  NUMBER 

MACH  CONriG 

RFV INCH 

ROLL  “ ANGI 

220 

4.00  072.00 

306(300. 

0.0 

222 

3.50  072.00 

303066 . 

0.0 

224 

3.00  972.30 

3H6JI0. 

0.0 
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2.50  372.90 

3H(1»I2. 

0.0 

231 

2.00  072.90 

307032. 

0.0 

235 

1.50  972.90 

307233. 

0.0 

Figure  A2.  Concluded 
f.  Configuration  972.9 
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YCP  - (X/L)  , CYM-YAW  MOM.  COEFF.  CY-5IOE  FORCE  COEFF 


RUN  NUMBER 

MACH  CONFIG 

RE/INCH 

ROLL  ANGI 

238 

1.50 

872.70 

3855G4. 

90.0 

238 

1.50 

972.90 
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Figure  A3.  Variation  of  Cy,  Cn>  Ycp  With  Configuration 
at  Constant  Mach  Number 


a.  Mach  1 .5 
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YCP  - (X/U  , CYM-VAW  MOM.  COEFF . CY  STOt  FORCE  COEFF 


SYfl. 

RUN  NUMBER 

MACH  CONFIG 

RE/INCH 

ROLL  ANGLE 
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90.0 

▼ 

232 

2.00  972.90 
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Figure  A3.  Continued 
b.  Mach  2.0 
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YCP  - (X/L)  , CYM-YAW  MOM.  COEFF.  CY-5I0E  FORCE  COEFF 


SYM. 

RUN  NUMBER 

MACH  CONFIG 

RE/ INCH 

ROLL  ANGI 
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Figure  A3.  Continued 


c.  Mach  2.5 
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YCP  - (X/L)  , CT(M-YAW  MOM.  COEFF.  CY-SIOE  FORCE  COEFF 


SYM. 

RUN  NUMBER 

MACH  CONFIG  RE/INCH 

ROLL  ANGL 

■ 

Z49 

3.00  972.70  391262. 

90.0 
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3.00  972.00  393643. 

90.  0 

Figure  A3.  Continued 
d.  Mach  3.0 
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YCP  - (X/L)  , CYM-YAW  MOM.  COEFF.  CY-SIOE  FORCE  COEFF 
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Figure  A3.  Continued 


e.  Mach  3.5 


52 


YCP  - CX/L)  , CYM-YAW  MOM.  COEFF.  CY-SIOE  FORCE  COEFF 


sym. 

RUN  NUMBER 

MACH  CONFIG 
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ROLL  ANGLE 
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Figure  A3.  Concluded 
f.  Mach  4.0 


53 


YCP  - (X/L)  , CXM-YAW  MOM.  COEFF.  CY-5IDE  FORCE  COEFF 


NUMBER 

MACH  CONFIG 

RE/INCH 

ROLL  ANG1 

71 

4.00 

972.00 

392025. 

90.0 

81 

3.50 

972.00 

395139. 

90.0 

64 

3.00 

972.00 

333643. 

90.0 

88 

2.50 

972.00 

387147. 

90.0 

93 

2.00 

972.00 

33861 1 . 

30.0 

95 

1.50 

972.00 

401 178. 

90.0 

Figure  A4.  Variation  of  Cy,  Cn,  Y^p  With  Mach  Number 
for  Each  Configuration 

a.  Configuration  972.0 
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YCP  - (X/L)  , C\M-YAW  MOM.  COEFF.  CY-SIOE  FORCE  COEFF 


SYM. 

RUN  NUMBER 

MACH  CONFIG 

RE/ INCH 

ROLL  ANGLE 

1 23 

4.00  972. ! 0 

388585. 

90.0 

x 

127 

3.50  972.  10 

392976. 

90.  0 

• 

130 

3.00  972.  ! 0 

238892. 

90.0 

Figure  A4.  Continued 


b.  Configuration  972.1 


55 


YCP  - (X/L)  , C\M-YAW  MOM.  COEFF.  CY-SIOE  FORCE  COEFF 


SYM, 

RUN  NUMBER 

MACH  CONFIG 

RE/INCH 

ROLL  ANGt 

▼ 

197 

3.50  972.60 

402273. 

90.0 

+ 

195 

3.00  972.60 

391120. 

90.0 

X 

193 

2.50  972.60 

309944. 

90.  0 

■ 

191 

2.00  972.60 

399024. 

90.0 

Figure  A4.  Continued 


c.  Configuration  972.6 
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YCP  - IX/L)  , CYM-YAW  MOM-.  COEFF.  CY-5I0E  FORCE  COEFF 


RUN  NUM8FR 

MACH  CONFIG 

RE/ INCH 

ROLL  ANGLE 

253 

4. 00 

972.70 

397466. 

90.0 

251 

3.50 

972.70 

335903. 

9Q.0 

249 

3.00 

972. 70 

391262. 

90.0 
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2.50 

972.70 

303540. 

90.0 
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2.00 

972.70 

336760. 

90.0 

238 

1 . 50 

972.70 

305564 . 

90.0 

Figure  A4.  Continued 
d.  Configuration  972.7 
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YCP  - (X/L)  CYM-YAW  MOM.  CDEFF . CY-SIDE  FORCE  COEFF 


RUM  NUMBER 

MACH  CONFIG 

RE/ INCH 

ROLL  ANGLE 

216 

4.00 

972.80 

400533. 

90.0 

214 

3.50 

972.00 

391697.  • 

90.0 

210 

3.00 

972.60 

391 167. 

90.0 
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2.  50 

972.60 

333606. 

90.0 

206 

2.00 

972.60 

406475. 

90.0 

204 

1.50 

972. 60 

394732. 

80.0 

Figure  A4.  Continued 


e.  Configuration  972.8 
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YCP  - (X/L)  CYM-YAW  MOM.  COEFF.  CY-5IDE  FORCE  COEFF 


5YM. 

RUN  NUMBER 

MACH  CONFIG  RE/INCH 

ROLL  ANGLE 

n 

221 

4.00  972.30  302BG6. 

90.0 

A 
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3.30  972.90  390601. 

SO.  Q 
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3.00  972.90  3B3264 . 

90.0 

+ 
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90.0 

x 
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90.0 
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90.0 

Figure  A4.  Concluded 


f.  Configuration  972.9 
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Figure  A5.  Variation  of  Roll  Moment  Coefficient,  C , With  Mach 

Xj 

Number  for  Given  Roll  Angles  for  Configuration  972.0 
a.  0° 
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Figure  A5.  Continued 
b.  15° 
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Figure  A5.  Continued 
c.  30° 
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Figure  A5.  Continued 
d.  45° 
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Figure  A5.  Continued 
e.  90° 
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Figure  A5.  Continued 
f.  135° 
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DRAG  COEF.  CL/CD  CL  - LIFT  FORCE  COEF. 


SYM. 

RUN  NUMBER 

MACH  CONFrG 

RE/ INCH 

ROLL  ANGI 

A 

235 

1 .50  972.30. 

397233. 

0.0 

203 

1.50  972.60 

395521. 

0.0 

+ 

237 

1.50  972.70 

385227. 

0.0 

1 Bfr 

1.50  972.60 

305273. 

0.0 

• 

SI 

1.50  972.00 

413944. 

0.0 

Figure  A6.  Variation  of  Cp,  Cp,  C^/Cp  With  Configuration 
at  Constant  Mach  Number 

a.  Mach  1 .5 
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DRAG  COEF.  . CL/CD  CL  - LIFT  FORCE  COEF. 


NUMBER 

MACH  CONFIG 

RL/INCH 

ROLL  ANCI 

23  1 

2.00  972.30 

337932. 

0.0 

205 

2.00  972. BO 
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0.0 
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0.0 
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2.00  972.60 
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0.0 
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2.00  972.00 
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0.0 

Figure  A6.  Continued 
b.  Mach  2.0 
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Figure  A6.  Continued 
c.  Mach  3.0 
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DRAG  COEF.  Cl/CD  CL  - LIFT  FORCE  COEF. 


RUN  NUMBER 

MACH  CONFIG 

RE/INCH 

ROLL  ANGL 
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3.00  372.90 
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209 

3.00  972. eo 
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Figure  A6.  Continued 
d.  Mach  3.0 
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DRAG  COEF.  CL/CD  CL  - LIFT  FORCE  CQEf 


RUN  NUMBER 

MACH  CONE  1 G 

RE/ INCH 

ROLL  ANGl 

000 

3.50 

970.90 

393066. 

0.0 
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3.50 
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0.  0 

050 

3.50 

970.70 

39-1950. 

0.0 

196 

3.50 

970.60 

403799. 
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0.0 
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3.50 
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0.0 

Figure  A6.  Continued 
e.  Mach  3.5 
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DRAG  COEF.  CL/CD  CL  - LIFT  FORCE  COEF. 


SYM. 

RUN  NUMBER 

MACH  CONFIG 

REY1NCH 

ROLL  ANGL 
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220 

4.00 

972.90 

395800. 

0.0 
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4.00 

972.80 
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Figure  A6.  Concluded 
f.  Mach  4.0 
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DRAG  CDEF.  CL/CD  CL  - LIFT  FORCE  COEF 


SYM.  RUN  NUMBER  MACH  CONFIG  RE/ INCH  ROLL  ANGLE 
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1.50  972.00  413944.  0.0 


Figure  A7.  Variation  of  C^,  Cp,  CL/CD  With  Mach 
Number  for  Each  Configuration 


a.  Configuration  972.0 
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DRAG  CDEF.  CL/CD  CL  - LIFT  FORCE  COEF. 
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MACH  CONFIG 
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Figure  A7.  Continued 
b.  Configuration  972.1 
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DRAG  COEF.  CL/CD  CL  - LIFT  FORCE  CQEF. 


NUMBER 

MACH  CONFIG 

RE/ INCH 

ROIL  ANGI 
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Figure  A7.  Continued 
c.  Configuration  972.6 
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CD  -'DRAG  COEF.  CL/CD  CL  - LIFT  FORCE  COEF 


sym. 
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ROLL  ANGLE 
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Figure  A7.  Continued 
d.  Configuration  972.7 
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DRAG  COEF.  C.L/CD  CL  - LIFT  FORCE  COEF. 


RUN  NUMBER 

MACH  CONFIG 

RE/ INCH 

ROLL  ANGI 

2 1 5 
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Figure  A7.  Continued 


e.  Configuration  972.8 
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CD.-  DRAG  COEF.  CL/CO  CL  - LIFT  FORCE  COEF 


NUMBER 

MACH  CONFIG 

RE/INCH 

ROIL  ANGi 

220 

4.00 

972.90 

396800. 
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972.90 
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Figure  A7.  Concluded 


f.  Configuration  972.9 
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LIST  OF  SYMBOLS 


b model  base  width 

axial-force  coefficient,  F^/(qS) 

Cp  drag-force  coefficient,  F^/(qS) 

CT  lift- force  coefficient,  F /(qS) 

Cm  pitching-moment  coefficient,  m/ (qS£) , reference  at  the  model  base 

yawing-moment  coefficient,  n/(qS£),  reference  at  the  model  base 

normal-force  coefficient,  F^/ (qS) 

Cy  side- force  coefficient,  Fy/(qS) 

F.  axial-force 

A 

Fp  drag- force,  F^  cos  a + F^  sin  a 

F.  lift-force,  F..  cos  a - F.  sin  a 

L N A 

F.,  normal  force 

Fy  side  force 

Z model  length 

m pitching  moment 

M Mach  number 

n yawing  moment 

q free-stream  dynamic  pressure 

Re  Reynolds  number,  based  on  free-stream  conditions 

S reference  planform  area,  1/2 [b£] 

X^p  location  of  normal -force  center  of  pressure,  normalized  with 

respect  to  model  length,  £,  and  referenced  at  the  model  base 
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LIST  OF  SYMBOLS  (Continued) 

YCP  location  of  side-force  center  of  pressure,  normalized  with 

respect  to  model  length,  l,  and  referenced  at  the  model  base 

a angle  of  attack 

t f>  angle  of  yaw 
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